are not a recent phenomenon, already different medieval chronicles speak of periods of low rainfall. Since then, Spain has suffered insistently the rigors of this natural phenomenon. The last drought period started at the end of 2004, it developed in a severe, generalized way throughout the country in 2005 and still continues in some areas. According to the National Institute of Meteorology, the year 2005 presented a marked deficit in rainfall, with January 2005 as one of the driest months in the last fifty years.
The analyses of the impacts of droughts have traditionally been undertaken considering droughts mainly an agricultural problem, with research focused on rural areas. However, at this moment, considering the incidence of drought only on agricultural production would miss other important impacts in the wider economic activity. Therefore, the aim of this paper is twofold: first, to evaluate the direct economic impact of the drought in 2005 on economic activity 1 in the Ebro basin and, second, by using the supply model of the Input-Output Framework (IOF); to estimate the indirect effects of drought on production and employment on the whole economy of the Ebro basin. The rest of the paper is organized as follows: after this introduction, the main direct effects of drought on the Ebro basin are analysed through the evolution of the agricultural and energy productions, and their contribution to gross added value (GAV). The third section presents the IOF theory, illustrating by matrix algebra how the production and employment vectors are obtained from a change in final demand or added value. The fourth section shows the empirical results of the impact that drought caused to the production and employment of the economy in the Ebro basin in 2005. The paper concludes with a summary and main conclusions from the analysis made.
Direct effects of the 2005 drought in the Ebro basin
As a first approach to estimating the economic impact of the 2005 drought, the evolution of GAV in the Ebro region and the contribution of the different productive sectors can be analysed 2 . According to the available data from the National Institute of Statistics (INE, 2007) , the economy in the Ebro region has experienced a continuous period of growth during the period [2000] [2001] [2002] [2003] [2004] [2005] , with an accumulated growth of almost 60%, figures higher than average for Spain as a whole.
As far as the purpose of this paper is concerned, the agriculture and energy activities in the Ebro region contributed to about 5% of the regional GAV from 2000 to 2004. Along that period, their contribution to the annual GAV presented a slightly decreasing tendency, with a minimum of 4.3% of the Ebro region GAV in 2005. The agricultural sector contributed to the GAV with 2.9% as average in 2000-04, decreasing to 2.3% regional GAV in 2005. On the other side, the energy sector 3 presented a more constant contribution to GAV in the time, decreasing from 2.1% in average for the period 2000-04 to 2.0% in 2005.
Considering the evolution in time of these magnitudes, in constant Euros of 2005, it can be observed that the GAV of these has increased, although at lower rates than in other branches of activity such as construction or services. From 2000 to 2004, the contribution of these two sectors to GAV increased from €6,196 million to 8,567 million in 2004, to go down to €8,388 million in 2005. That is, in 2005 there was a global decrease of €180 million, with respect to the previous year. However, data seems to indicate that the drought impact in 2005 was important overall in the agricultural sector, for its contribution to GAV decreased by €418 million in 2005 with respect to 2004, while the energy production sector increased by €238 million in the same period.
Total agricultural production in the Ebro region accounted for €7,800 million which can be divided approximately in half between crop and animal productions. As water scarcity affects crop production directly we focus on the analysis of this sector in the rest of the paper 4 . Out of the approximately 2.4 million ha cultivated, almost one third is irrigated. The cultivated surface This figure must be deducted from total production to obtain an estimate of GAV and thus, the GAV at basic prices, or agricultural quasi-rent, loss due to the drought episode of 2005 can be estimated as €405 million.
As far as the energy sector is concerned, the same approach as above has been followed. Table 2 summarizes the production of electricity in the Ebro river basin according to its origin using data from "Red Eléctrica de España" (REE, several years), the national agency for power transmission and the operation of electricity systems. The effect of the drought affects fundamentally the electricity production from hydropower plants. From the analysis of these figures, energy production has grown steadily with hydropower accounting approximately for 15% of total electricity production during the whole period, with the exception of 2005, when its contribution was dramatically reduced to less than 10%. However, while hydropower electricity originated in the Ebro River Basin accounted for approximately 21% of total national production, in 2005 its share rose to 26.2%, indicating that the drought had a stronger effect on hydropower production in other Spanish regions.
Next, and in the same way as it has been done for the agricultural sector, the direct economic impact of drought on the energy sector can be quantified from the changes in physical production. Using the data from Table 2 , the average value of the hydroelectric production in the Ebro basin for the period 2000-04 compared with that of 2005 shows a reduction of 1,571 GWh. Considering that the average price in the production market for that year 6 was 6.242 cents of € kWh -1 , the value of the total hydroelectric production in the Ebro region decreased from €411.8 million to €313.8 million 7 . Therefore, again, ceteris paribus, the loss of hydroelectric energy total production due to drought in that year can be assessed to reach €98 million. Once more, the analysis of the economic magnitudes of the hydroelectric 8 production allows verifying that the inter- In order to translate the loss of production into loss of added value, additional information must be obtained. Using the data on agricultural macro-magnitudes which can be found in the accounts for agricultural production 5 , intermediate consumption can be estimated as approximately 25% of the total agricultural production. 5 This source allows identifying the composition of agricultural production (i.e. intermediate consumptions, taxes and subsidies, profit, etc...) using SEC-95 standards (Carrasco-Canals, 1999) . Up to year 2000 these were published by the former Ministry of Agriculture and now most of the Spanish regions keep updating them. 6 For further information, see REE (2005) . 7 Electricity from hydropower origin usually enters the market at marginal prices which are higher than average ones. However, there is no data availability with regards to the exact price at which the electricity generation loss took place. Nevertheless, an estimate of the maximum error that can be attached to this use of average instead of marginal prices can be obtained. The difference between weighted average and maximum prices paid for electricity in 2005 is 0.0246 € kwh -1 (OMEL, 2005) . This means that if all electricity from hydro power had been sold at maximum prices the impact would have been 39% higher. Therefore, our estimate must be considered a conservative one. 8 Considering the lack of official data at this level of sub-sector disintegration, we base our analysis on the available estimations for Andalucía provided by Martín et al. (2006 Source: Own elaboration using data from Agrofood Statistics Yearbook (MAPA, several years)). Expanding the effects: supply and demand models in the Input-Output frame
In order to estimate the wider economic impacts of the direct effects of the drought in the Ebro River Basin, the Input-Output framework is used. This section presents how to calculate the production and employment effect vectors for the whole economy starting from a change in the final demand or in the GAV, as calculated in the previous section.
The basic hypothesis in this analysis is to consider that the 2005 drought produced a direct effect which is equivalent to the decrease of the agricultural and energy productions. This in turn can be considered a GAV decrease in the economy of the Ebro basin with respect to the potential GAV that could have been reached in the case that situation would not have happened (i.e. there had been no drought). The drought also had an indirect macroeconomic effect because, if absent, probably production and employment would have been more important in another branches besides agriculture and energy. The reason is that all the branches in production generate intermediate consumptions in other branches in order to be able to carry out their own productive activity. This means that the quantitative impact of drought is spread throughout the whole economy of the Ebro region as well as outside the region, as some intermediate inputs or consumptions can be imported from other regions or foreign countries.
In this way, expanding irrigation surface or intensifying the hydropower production affects directly the production of both branches, but also indirectly the productive branches that supply them with the intermediate consumptions, such as oil or equipment maintenance and repair services. Thus, a number of productive activity branches, in this case agriculture and energy, suffer a demand shock or an added value one, which will affect branches which supply the corresponding inputs, thus producing a linked process of economic effects on production and employment inside and outside this specific area studied.
The quantitative estimation of the increase in production and employment caused by a shock on the final demand of an specific sector in the IOF context can be undertaken using the demand model. The model replicates how a variation in a component of the final demand causes economic transactions between different activity branches, thus producing a succession of linked economic impacts, which in the end produces a multiplying effect on production and employment in the overall economic structure of the region. In conclusion, this particular analysis provides a quantitative image of some of the interdependencies that take place in an economic system, with its major contribution being that it accounts for all the relationships between the different branches. To undertake this analysis, the 2003 IOF is used (CEPREDE, 2007) . This IOF considers the economy of the Ebro region in 26 branches of activity 9 .
The information from the IOF symmetric table is used for the implementation of the IOF demand model. The symmetric table was developed ad hoc for this study using data for La Rioja, Navarra, Aragón and Catalonia. This table reflects each branch as a column and a row of the IOF. Data from the columns reflect the inputs of the productive process of the corresponding branch, while data the rows refer to the outputs of the productions of each branch (intermediate consumptions) . By definition, the total intermediate consumptions used by all the branches (sum by columns) is equal Table 2 . Electricity production by source in the Ebro river basin 2000-05 (GWh) to the total outputs (sum by rows) of products for intermediate use of the remaining branches. However, this equity does not occur necessarily for branches considered individually.
The demand model relates the final demands and the production levels needed to fulfil them. If alternative demand levels are introduced into the model, the productions for each branch needed to fulfil that final demand can be calculated. Each branch has to produce that final demand objective and the intermediate products required by other branches to reach the new final demand. When the number of branches increases, this problem can be solved by the algorithm known as inverse of the Leontief's matrix:
being X the column vector of productions at basic prices for each branch (to be calculated), (1-A) -1 the inverse of the Leontief's matrix, (1-A) and D the column vector of the final demands. However, the demand model of Leontief was specifically conceived to analyse the effects that a change in the final demand of one or several branches have on their production. It is a demand-driven model, where demand is considered determined in an exogenous way and based on the internal coherence between branches provided by the matrix of technical coefficients. The characteristics of the IOF, evidence the possibility of considering an alternative model to that of demand. In this alternative model, the coefficients are not determined by columns but by rows, market or distribution coefficients instead of technical ones are obtained, and the strategic variable determined exogenously to the model is added value instead of final demand. Thus what this approach does is "rotate" the way the IOF symmetric table is looked at. This approach is known as as Leontief's supply model or Ghosh's model, after who proposed this new approach (Ghosh, 1958; Dietzembacher, 1997) .
The symmetric table considering the relationships between columns can be express for any j branch as:
and, in matrix terms as:
The new b ij coefficients now represent the output of branch i which is used by branch j and can be defined as 
and expressing it in matrix terms, the following expression is obtained:
Which can be re-written as,
post-multiplying both terms of the equation by (1-B) -1 the final expression of the supply model is obtained:
Denoting δ ij the elements of the inverse matrix (1 -B) -1 , the production of sector X j is now a combination of the added values of the different sectors:
Each element b ij of the matrix (1 -B) -1 can be interpreted as the production increase of branch j of the matrix when there is an increase in the added value of branch i. Therefore, the sum of row i of this matrix represents the increase in the production of all the branches when the added value of the branch i increases.
As an additional feature of the IOF, once the inverse matrixes of Leontief or Ghosh are calculated, different situations can be analysed. Of particular interest for this study is the estimation of the employment requirements by branches when faced with a production increase. An increase of the production in one or more branches induces the creation of employment in the same branch (L j ). The size of this effect is obtained from the vector row of direct coefficients of employment (l j ), defined as the quantity of employment needed for each production unit, using following expression:
where l is the diagonal matrix of the direct coefficients of employment, either in physical or monetary terms, and D the vector column of final demand. The result of this calculation is the number of employments generated in each branch when faced with an increase in the final demand, and adding up for all branches, the global employment generated in the whole economy as a consequence of the total production increase.ˆ
The impact of drought on production and employment
As mentioned above, the 2003 Ebro IOF follows SEC-95 regulations and guidelines (Eurostat, 1996) , with desegregation level of 26 activity branches and based on 2003 data. The supply model can be estimated from the matrix of distribution coefficients (B) of the Ebro IOF, and is used for the elaboration of the Ghosh' matrix (1-B) and its corresponding inverse matrix (1-B) -1 . These coefficients are the multipliers which are then applied to the variations of the added values (AV) and allow estimating both, the total production (X) and the employment (L) lost at regional level as well as their distribution between each one of the 26 productive activity branches considered.
The application of the supply model [X = AV (1 -B) -1 ] with the economic data of the 2005 drought requires, however, some adjustments as well as some starting hypothesis which are stated below: -First, concerning the evaluation criteria, the applicable national accounting regulations must be fulfilled (SEC-95). These regulations establish that production has to be evaluated at basic prices. This concept has already been presented, and from a supply point of view would be the income obtained per each unit of product. In this sense, the data presented for the direct effects of the drought, €482 million as final demand not met in 2005, correspond to the concept of basic prices and therefore do not incorporate either the margins or the taxes on the products net of subsidies. Therefore, they can be used directly in the application of the demand model of the IOF. -Second, in order to consider purchase prices or market prices when starting from basic prices, it is necessary to add to these magnitudes the margins and net taxes on the products. According to the data of the regional accounting for the Ebro region, these represent about 10% of the regional gross domestic product (GDP). -Third, a part of the total good and services supply for each branch can come from imports (outside the considered area). Consequently, if the objective is to estimate the effects of drought exclusively on the Ebro region, the matrix of internal coefficients of distribution (B int ) should be used instead of the matrix of total coefficients of distribution (B tot ) that would quantify the total effects on the production inside and outside the region.
-Last, the estimation of the negative impact of drought on total production, employment as well as on the participation of the GDP in the Ebro region in 2005 is obtained by adding up the direct and indirect productions obtained from the model for each branch of activity. Under these hypotheses, the application of the Ghosh' offer model is possible. The results provide an estimate of the production increase that would have been generated as a result of an increase of the added value due to specific shocks in the primary and energetic sectors, reflecting the levels of production achievable in the absence of drought. In particular, the model permits analyzing the indirect effects on the regional and extra-regional total production and on employment in the different branches of activity when considering an increase of the added value in the Ebro region of €482 million, 405 of which correspond to the agricultural sector and 77 to the energy one. The results of this estimation are given in Table 3 .
The results presented allow identifying some major impacts. Total production, inside and outside the Ebro region, would have had an increase of more than €478 million in order to cover an increase of €482 million in the AV of the agricultural and energy sectors. That is, the indirect effects or the dragging capacity of production on other branches not directly related with the initial increase represent almost 100% of the direct effect on the GAV. This means that given the interrelations of these two branches with the remaining global economy, the indirect effects are equivalent in absolute terms to the amount of the direct effects. Although this result might seem surprisingly high when compared with previous studies applying the IOF to the agricultural sector (Iráizoz and Rapún, 1999; Polo and Valle, 2002) several reasons explain this difference. The approach used in this paper considers both impacts inside and outside the studied regions while both cited studies did not include impacts outside the region. Additionally, the results reported here add the impacts of the energy generation sector to those of agriculture while the cited studies only consider agriculture. Last, there is a methodological difference too, as this paper uses focuses on added value (supply or Ghosh model) while the other focus on production (demand or Leontief model).
Additionally, the model allows obtaining some insight on how these effects are spatially distributed, as from the IOF, effects inside and outside the area for which the IOF has been developed can be calculated. This is done by using the total coefficients of distribu-tion and the interior coefficients of distribution. The results of the latter are presented in the last three columns of Table 3 .
From the analysis of these results it can be verified that most of the indirect impact of the increase in production needed to cover the direct impact of the drought would be concentrated in the same Ebro region, generating €377 from the 478 million, close to 80% of the total potential production. This means that the increase of the extra-regional production from an increase of the added value of €482 million in the Ebro region would be restricted to €100 million.
Concentrating on the analysis of those branches indirectly more affected by this increase of the added value, it can be seen that only five of them represent 80% of the €377 million of total potential production: agrofood industry (€237 million); agriculture, forestry and fishing (€36.3 million); catering business (€41.0 million); energy industry, distribution of energy, gas and water (€22.3 million) and market and repair of motor vehicles Table 3 . Direct and indirect effects on production of an increase of the gross added value (GAV) in the agricultural and energy sectors inside the Ebro region (year 2005) (€19.9 million). These results also point at the primary sector, and in general at the whole agrofood chain of the region, as the most direct and indirectly affected by drought.
As mentioned above, the input-output model of supply also permits estimating the impact of an increase of the added value on employment in the region. In order to quantify that impact, employment was estimated by activity branches in the Ebro region for 2005; the direct coefficients of employment were also calculated for each one of the 26 activity branches of the Ebro IOF and a diagonal matrix of employment coefficients was constructed. Through the expression L j = l(1 -A) -1 , the number of potential employments in each branch and in the total economy as a consequence of the increases in the final demand and in the total production can be estimated as shown in Table 4 .
The global results show that the relationship between employment and drought in 2005 is important, with a total loss of 11,275 jobs in that year. Concerning their distribution by activity branches, three parts of the agrofood chain account for more than 86% of this employment destruction by drought: agriculture, forestry and fishing (8,094 jobs); agrofood industry (1,229 jobs) and Assessing the relative magnitude of the effects of the agricultural and energy sectors, it can be seen that that the agricultural sector is responsible for 10,532 of the 11,275 jobs lost, losses which are concentrated in the agricultural, forestry and fisheries sector (8,052 jobs), agrofood industry (1,208 jobs) and catering business (435 jobs) that as a whole represent 92%. On the other side, the loss of employment associated with the lower energy production is just 743 jobs, approximately 6.6% of the global employment loss recorded due to drought. From the total jobs losses, 146 are in the energy branch and the remaining ones are distributed more or less equally among the remaining productive branches.
Summarizing, the results on impacts on employment are coherent with the economic structure of the different sectors. The agricultural sector is not particularly involved with the remaining branches of economic activity and is rather intensive in labour its productivity is relatively low. The opposite is observed in the energy branch, more related with the remaining branches, with low labour intensity and with a much higher productivity.
Conclusions
This paper has presented an estimate of the economic impacts of drought using an IOF approach in the Ebro river basin. The input-output framework is a valuable approach to quantify the impact that this phenomena has had on one Spanish region during a certain period. The results allow deriving some conclusions, both from a result and a methodological point of view. From the results point of view, the overall effects of the drought, both direct and indirect, on GVA, production and in employment terms are summarised in Table 5 . Indirect effects are concentrated in the agrofood industry, agriculture, and catering business that as a whole lost a total of €272 million. Therefore, the whole regional agro-food chain is the most direct and indirectly affected sector by climate change in the Ebro basin. As far as the indirect effects on production of the energy sector, these are quantitatively less important, and are distributed among practically all the considered branches of activity. In terms of employment effects, three steps of the agrofood chain account for more than 86% of that employment loss: agriculture, forestry and fishery; agrofood industry and catering business; the employment effects derived from the energy branch are also less significant.
From a methodological point of view, the proposed approach allows to obtain reliable estimates of the effects of drought in 2005, based upon 2005 observations and 2003 input-output tables. Nonetheless, the impacts presented must still be considered a conservative estimate of the overall effect. By enlarging the range of sectors and/or shocks, a more comprehensive view of the impact of droughts could be achieved (i.e. changes in the tourist flows due to less nival resources, etc.). In particular, to be able to get the full picture impacts on other sectors for which secondary data is not available should also be estimated. In this sense, drought can imply costs derived from increased number of fires and burnt areas, increased health problems or reduced tourist activity. There are available methodologies to estimate these impacts such as ecosystemic services approaches (Barrio et al., 2007) or value of the statistical life (Vicusi and Aldy, 2003) . This is an area of future research which goes beyond the objectives of this paper. Moreover, other longer drought periods could show different effects patterns (i.e. 1992-1995 An additional value of approaches such as the one proposed here is the role they can play in order to obtain a complementary estimate of climate change impacts. The impact of the climate change is probably one of the most important topics of discussion at international level. A great part of the importance given to this problem comes from the Stern report (Stern, 2007) where the costs of the changes identified by the ONU international panel on the climate change (IPCC, 2007) are quantified. One of the foreseen changes is the increase of drought periods, changes described as "existence of a high level of confidence in the fact that hydric resources will be reduced due to the climate change in some regions (Mediterranean Basin…)" (IPCC, 2007, p. 8) .
The studies that have evaluated the impact of the climate change on agriculture can be grouped in two categories: on one side, the general computable equilibrium models (CGE) (i.e., Quiroga and Iglesias, 2007) and on the other the micro-economic models at farm level with partial equilibrium (Pérez Domínguez and HolmMüller, 2005) . In both types of models, the behaviour of the different agents faced to changes in the distribution or the quantity of different climate events is simulated. Additionally, in the case of CGE models, hypothesis must be done on the development of other aspects such as economic and population growth. A common characteristic of these analyses is that they are directed towards the future, the present work looks into the past instead. The approach proposed here less is complex from a modelling point of view, perhaps less ambitious, but more transparent and understandable for policy makers. Considering climate change is already taking place, at least as far as droughts are concerned, its economic impact can be evaluated based on actual changes and, therefore, if the probability of certain events is known or a good estimate available, their economic impacts can be obtained from actual data. Likewise, if there would some information on different drought periods, it would be possible to model the intensity of the impact according to the shock's intensity. These tasks represent future lines of research that would complete the analysis of the climatic change impact using the input-output frame and would complement the studies based on CGE or partial equilibrium models.
Therefore, if climate change in the future will result in that drought periods will increase, these can be evaluated in similar terms to the one reported. The stability of the results is kept whenever the productive structure of the analysed area is kept constant, a hypothesis that can be consider similar to the technological limitations in the micro-economic models. Of course other effects of climate change, such as raise in temperatures, would have additional effects, but could also be considered in the proposed framework.
